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Geophysical evidence suggests a significant amount of north-south conver-
gence occurs across the Santa Barbara Channel. Tectonic studies [Weldon and
Humphreys, 1986] indicate a discrepancy between observed fault slip in California
and the North American-Pacific plate motion (56 mm/yr-RM2) [Minster and Jor-
dan, 1978]. 23 mm/yr of north-south shortening across the Santa Barbara Chan-
nel would account for this discrepancy (Figure 1), although some of this missing
movement could occur elsewhere. Newer plate motion models (NUVEL-1)
[Demets et. al., 1987], yield a lower rate of convergence. Examination of seismici-
ty in coastal southern California indicates the Santa Barbara Channel is a region
of high activity (Figures 2 and 3). Although earthquake size for those events be-

fore 1930 is not well determined, several historic events in and near this region
~ are estimated to have magnitudes greater than 7 [Lee et. al., 1979; Yerkes and
Lee, 1979], included the 1812 earthquake which may have generated a tsunami in
the channel [Richter, 1958] (Figure 4). Earthquake focal mechanisms (Figure 5)
suggest a north to northeast axis of compression, with a small component of left-
lateral slip [Yerkes et. al., 1980]). This is true for the background seismicity as
well as for moderate to large events (M, >5). Extensive study of the 1978 Santa

Barbara earthquake [Corbett, 1882] suggests it occurred on a shallow north dip-

(NASA-CR-183402) STR2IN ACCUGECLATICN IN THE N89-17369
SANTA EABEARA CEAMNEL, 1971-1¢¢t7
(California Imnst. cf Tech.) 1° g CSCL C8G )

Unclas
G3/46 0174717




'ping thrust fault, indicative of active compression in the western Transverse
Ranges. The rapid closer of the Santa Barbara Channel inferred from geophysi-
cal evidence is in line with geologic studies in the western Transverse Ranges
which indicate up to 23 mm/yr north-south shortening [Yeats, 1983]. The rate for
the channel may be somewhat less, perhaps 7.5 mm/yr averaged over the last
1,000,000 yrs, although the exact figure is uncertain. GPS data collected in the
Santa Barbara Channel in 1987, when combined with 1971 trilateration measure-

ments, should be sufficient to resolve the present-day convergence rate.

In late 1970 and early 1971 EDM baseline measurements were made between
the California coast near Santa Barbara and the offshore islands, Santa Cruz and
Santa Rosa (Figure 2). This survey (made by Greenwood and Associates) used an
AGA Model 8 laser Geodimeter. Corrections for refraction were made using end-
point measurements of pressure, temperature, and humidity, together with

records of temperature along the line of sight taken from an airplane.

In early 1987, from January 3 to January 7, GPS data were collected at 14

sites in California and at 5 additional stations throughout North America (Exper-

iment 3) (Figures 7 and 8). Included in the California sites were 5 of the original

6 trilateration stations (Figure 9). LACU, DEVL, and SNRI were occupied for §
days, GAVI for 3 days, and CHAF for 1 day. Because of weather conditions, sta-
. tions SOLI and MILL were used as backups for CHAF and GAVI, respectively. A
GPS tie between GAVI and MILL was made shortly after this experiment and a
tie between CHAF and SOLI was made in early October, 1987. Station HIMT,
the trilateration site not observed in the January, 1987 survey, was occupied for 3
days in May, 1988, in a GPS network which included LUCU and an additional
site (HIGH) on Santa Cruz Island (Figure 10). Thus, the entire 1971 trilateration

network has been réoccupied with GPS surveys in 1087 and 1088. These data
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can be used to estimate the rate of crustal deformation (convergence) occurring

across the Santa Barbara Channel.

GPS baselines for Experiment 3 (January, 1987) have been computed with
the Bernese 2nd generation software (no ambiguity resolution). Solutions were
obtained using OVRO, FTOR, and PVER as regional fiducial sites (SV3 coordi-
nates [Murray and King, 1988]), and separately with the broadcast orbits. Sur-
face meteorological data were used to model the atmospheric delay although the
troposphere was not a free parameter in the final solution. 3 to 5 day repeatabili-
ties for the baseline components have been determined (Figures 11 and 12).
When orbits are solved, the day to day scatter is generally less than 1 cm for the
length and north-south components, about 1 cm for the east-west component,
and 10 cm for the vertical. The scatter does not show any significant correlation
with baseline length. When broadcast orbits are used (no stations held fixed),
day to day repeatabilities are larger, on the order of 1x107 for the horizontal and
7x107 for the vertical components. The RMS repeatabilities should improve
when the data are reduced with the Bernese 3rd generation software and ambi-

guity resolution is preformed.

A comparison is made between baseline lengths obtained with the Bernese
(2nd generation) and MIT softwares (Figure 13). The MIT values are from Mur-
-ray et. al. [1987]. When orbits are solved in the Bernese solution (PVER, OVRO,
FTOR fiducials; SV3 coordinates) the agreement is on the order of 2x107. When
broadcast orbits are used for the Bernese solution, the MIT-Bernese agreement is
on the order of 8x10% When station BRUS is excluded from the data set, the
MIT-Bernese agreement improves to 4x10°%. These results will change when a
comparison is made-between the new MIT Experiment 3 baselines, which incor-

porate ambiguity resolution, and values obtained with the Bernese 3rd generation



éoftware. Both data sets will employ SV4 coordinates for the fiducial locations.

Baseline changes from 1971 (trilateration) to January, 1987 (GPS-Bernese)
across the Santa Barbara Channel have been computed (Figure 14). Some of the
trilateration data have not been completely reduced to a form suitable to in-
tegrate with the GPS measurements. Baseline measurements for all GPS lines

have been determined.

A uniform strain model is calculated from the baseline changes (Figure 15).
When all lines are considered (GAVI-SNRI included), errors for the computed
strain components are large (e,; = -0.40 £+ 0.51, e = -1.46 £ 0.42, ¢,, = -1.25
+ 0.49; all in pstrain), as are baseline residuals (up to 9 em differences). In the
1971 trilateration survey, significant effort was employed to determine the
GAVI-DEVL baseline at the expense of the GAVI-SNRI baseline. In fact, only 3
measurements were obtained for GAVI-SNRI. Additionally, temperature record-
ings for that baseline show large scatter. When the GAVI-SNRI baseline is ex-
cluded from the strain calculation, the associated errors for the strain components
are significantly reduced (e¢;; = -0.26 + 0.17, e, = -2.32 + 0.17, ¢,, = -0.94 £+
0.16). Baseline residuals in this case are on the order of 1 to 2 cm. Thus, we be-
lieve the GAVI-SNRI trilateration baseline to be in error, and it is excluded in

the calculation of convergence rate.

The above strain model (GAVI-SNRI excluded) yields nearly uniaxial
compression of -2.68u¢ oriented N21E across the Santa Barbara Channel, at a 16
year rate of -0.17u¢/yr (Figure lg). This corresponds to 8 mm/yr convergence
across the 50 km wide Santa Barbara Channel and 10 mm/yr shortening across
the 60 km wide GPS/trilateration network. The rate calculated using the new
MIT GPS baselines is nearly identical, although the axis of compression (conver-

gence) is directed N20W as opposed to the Bernese obtained orientation of N21E.



We have détermined the present-day rate of convergence across the Santa

]

Barbara Channel to be 8 to 10 mm/yr. This conclusion is obtained from changes
in baseline length measured with a 1971 trilateration survey and a January, 1987,
GPS survey. The convergence rate applies to the western channel; a higher rate
may be observed to the east, which would be in line with some geologic evidence.
This theory can be tested when data reduction for those trilateration lines in the
eastern Santa Barbara Channel is complete. These results indicate that some (or
all) of the hypothesized San Andreas discrepancy may occur in this region. The
rapid convergence rate, in addition to the history of large seismic events, suggests

this region is a prime target for future geodetic and geophysical studies.
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